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(54) NITRIDE SEMICONDUCTOR LASER ELEMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor laser element which can obtain a stable 
perpendicular fundamental lateral mode and can reduce 
threshold current. 

SOLUTION: A semiconductor laser element 100 is formed by 
stacking a p-GaN buffer layer 2 doped with Mg, a p-InGaN 
crack protection layer 3 made of InGaN doped with Mg, a p- 
ALGaN clad layer 4 made of AIGaN doped with Mg, a light- 
emitting layer 5, an n-AIGaN clad layer 6 made of AIGaN doped e ^I ^^^^s^^^^m^^^ 
with Si, and an n-GaN contact layer 7 made of GaN doped with 5 ^ ^ — 
Si on a p-GaN substrate 1 made of GaN doped with Mg. In the 4 
semiconductor laser element 100, the p-GaN substrate 1 and 3 
the layers 2 to 4 can absorb light leaked from the light- 2 
emitting layer 5. 
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Jg^(C*jt»-C«, #F@©>'<>F*> y7'«r?§14@©-''! 

[0026] r514Jg« I n G a N«r#tf^{b«J3S 10 
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77i2^p-AlGaN^79 FB4fcJt'*T*;*tt 

p-AlGaN^7^F14?!i^p-GaN^v77l 

[0 05 6]«fCC, *»f*u-ir**i oo«c*c»t 
tt, ^7lcll5T^<Dp-GaNSfilfilC0B2-4^i: 
CXp-GaNlfil©H$^C^ p-GaNI 

[0 05 7] CCt, ^MtU-1f3RT-l 0 0«Cfet»r 
mmvX^lc. p-GaNlftl, p-GaN^? 
7712, p- I nGaNZ? v fffistmSte^lfp - 
A 1 GaN^79 KB4KM***F-:73*vC*s»)p - 
G a NS« 1 :fo<*O f £B2 -4 CCfct>ToJS3fc*!»Dtt- 
*C£#pJtrc£>£ 0 CO/cfc, 2feftJI5:&>6p ~Ga 
N*«l«^«WiHll/fc**P-GaN»«l. p-G 
aN^77 7 i2, p-InGaN^7 7^M13*J 
<£tfp-A lGaN^7^ F^4CC*Jl^rKiR"r4C<b 

[005 8] tKDJ^K, *»*U-1f*?-l 0 0tC*5 
5^6 p - Ga Nifi 1 i^ihfflU/c 
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7fc£p-GaNg&l fc p-GaNM'77 7 |2 ( p- 
I nGa N*^ v fifiskM 3to£&p -AlGaN^7 

-entc^o. !f*-^ioo«:*st»rtt 

# I > <Bm«£Offi&{ t * 0 £ C t ft pjfft i ft £ o 

[0 0 5 9 ] ±fa<DJ:5K:. ccDit^cte^Ttt. p- 
AlGaN^7vK14(0Al«fi!c^< (flUtf 10 
0. 0 7i:97v#<-r£) Uc0p-GaN^'^7i 
2&CA 1 £flll;t£ (WittfA 1 £0. 0 2 gStta** ) 

c t & < MfiS*^^- f *^3tir * c <t fr~cz ztc 

*«n«Bi«cS. Lfc#ot, ¥z»f*U-if3tTl 00CC 
*$t>Ttt. !St»*B*i)r<D«JS3^e»aI«Bift4. 
[0060])i^ C©»^ p-GaNlfiL p- 
GaN^'-;7ri2, p- I nGaN^7 ^ ^Jti3 
fc^tfp -A lGaN^7 ? Fa4tC:teW£;^cftiKtt 

cm^V&ZMCttLX. p-GaNg 
K 1 *f J: VS« 2 -4^«CfeW**©«iR»ttja«+ 

Sttp-GaNSfil*5<tCXSIB2'-4ec*$^rt, + 

«*-F*»BT*C±#iUfc<btt*. 
[006 1 ]^, p-GaNlfil, p-GaN^? 
Vrm2. p - I nGaNi'?? ^E&jfJl 3 p - 

AlGaN^7-; FB4 Cc*Jt^r*»«aaiR*»-Sfc* 
Cc^BatcMgcoF-^jftlttt. *h*ni 30 
x l O^cm-^r*^, 

[0 06 2] p -GaNS«14tf<ta e SJ12-4K:*jW 
^MgCOF-^iSS^ii5<-r^CcbCCj:0 p-GaNl 
« 1 *J <fce/*» 2-4 (C*5W4#<D»iK* <fc 97v£ < -r 

ortt, MgtcJ:9. P-GaNl«lfcJ:0'SI2- 

[006 3] iC^T, p - GaNSfil ttMQWrStt 
85 7;fc6f^b/c3fc£»4rf S/c«^ p-GaNIS 40 

l&MQWfl5ttli5 7i(DHaB*i/J\3c»»^ectt. p- 
GaNlfil T©*BM»W«WII U , U — !f JRT 1 

[0 06 4] LfrLU&Z* $mtt\s—9ttl 0 0CC 
*5l>-Ctt>. p — A 1 GaN^7 w ; FJ|4<DJ*S*S1 /i m 
±+*Wc*l»/ctf>. P -GaNifil <hMQWr£14B5 

^Ci ^njfg £ 50 
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[0065] H4tt*#M8«:«*Bfk«|**»#u--!f 

[0066] *«*U-1f3R^ 1 0 1 <Dff»B$«C*Jl*T" 
tt, *?\ /13 35 0MmCD^>'T^rSte2 0OC 

(000 1 )ffi±CC. 7>F-yCDAl,. s Ga 0 . 5 N 
ft>6tt£J*3 2 0 0 A<DA lGaNA'-;7Tl2 1 , if 
^/zmCDT^F-^GaNJf 2 2, Mr F-^Stl 
/cG a Nd>6% £JI£ 5 /im<E>p -GaNn>£^FB 
2 3, Mg*«K-^3hte I n 0 . OJ Ga 0 ., 7 N^^cC^ 
J13 0. 1 um<Dp- I nGaN^7'^KS±124 t 
MgtfF-^StlfcA U..,Ga.. aj Nft»6tt&p- A 

lGaN*^*FB25 % M®26, Si*sp-^S 
ftfcA 1 GaN2r»6ft£Jl£0. 4 m<D n — A 1 G a 
N*^? FB2 7:fc<fctfS i^K-T-^ti/cGaN^e 
<C4»S0. UmCDn-GaN3>^^H2 8^i 

[006 7] ^NWlz-lf*? 1 0 1 <D^t^2 

6 tt, S 2 {CtST^SM* P -If 3JHP 1 0 0 (DlfefcB 5 t 

too6 8] ±ia<o<to«:, *W#U-tf*^ 1 o 1© 
ffi««FCC*5C»rtt, ^7fcJ12 6T^01f>'r -rrSS2 
OfflJCC, Mg^K-^tl/cp-GaN3>^^h®2 
3, p - I nGaN^7-; £?E&ihB2 4feJ:O c p - A 1 

[0 06 9] CCt. »*. Stba&^ttfr&flbKS 
ft*Bfc«fcC«fittWKTtt»W{cjl;tS**. ±s2©<t 
^KMg^F-^i* *lfc«< k«WR*««* 6 ttttit 3 ft & 
p-GaN3>^^H23, p-InGaN^77^ 
K±B2 4*5<fcCfp -A 1 GaN^7 ? FH2 5 tt, M 
gCC^OHfe^feC/rt^. c©J:9«:Mfir*sF-^3 
tirjRft«r*Jtffcp-GaN3>*^FJI2 3, P~I 
nGaN^7? ^l»Jh»2 4fe<=fcO'p -AlGaN^7 
* FB 2 5tCk(,>Ttt. aItS*«:?R4X^^C<!:*iDjgei 

[0070] ftte, Mg^h*-7'$n/cp-GaN3> 
^^hi23, p- I nGaN^**RJiiLJI2 4:te<£ 
O'p -A 1 GaN^7-; Fll 2 5 &cfcl>T±i2<E>i: 9 CC 

CiCCj:^, cne»©S12 3 — 2 5<Dx*;U*~-/*> 

[0 07 1 ] ±iSCDct^{CLr^^T^TS«2 0±(C 
M2 1^2 8t«fiStifc», n-GaN3>^H 
128^6n-AlGaN^77 FB2 7<D»f3Eag3 * 
r*xsr^>y(C<fc0K*-r*. -enctj:^ n-Ga 
N3>^ H28^0'n-A IGaN^7? F82 
7^6fltflEStiSiH2 *xm<3r>X F^-Z^ttoy ?^B« 
»RS-r^i<?:*>CC, n-AlGaN^7-;Fi27(Cl| 
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£0. 0 5 umCD^mStemj&tZ. 
[0072]g5ut, n -A 1 GaN^7 v KB 2 7<D 
¥iB8W>6p--GaNri>** Hf 2 3*rcD— ««« 

3£2SHJ3#* 0 

[0073]»C, CCDSfflU/cp-GaN3>5f^ h 

fi£T*„ io 
t 0 0 7 4 ] ±ie<Di: 5 K 0T|ga«Efi*j J: ZJFm>W&!8L 

r 4TW&2 O0W33: 1 50-200Mm<Lt5. 
[0075] S6«: fc VySWffli. n-AlGaN* 
77 KB2 7CD¥*S9LL®. n-AlGaN^7-;Fi 
27rt>6p-GaN:3>**KB23£r<DffflDB. p- 
GaN^>^ hJf 2 3^p^g»fiEmH(^^<^± 
IWCfp^Sl 6<DWffi««±fflK:. S i O, *>6ft 

[0076]!^ WZimmicJ:*). *8l3£g5 0 20 

is-ym+i o mm?*. 

[00771 EI51J, ±M<D^mc^ 0ff«3tifc*W 
0 1CD&B2 l-2 8CD?Tr*Jl$r^£ 

Co 07 8] sscc^-rjc^tc, tras^i 0 

ltCfcOTtf, 2£ftB2 6CDJS$T^£p-A 1 GaN^ 

kb2 b<Dm$Tmt<Dm^2i<K c<Dtc&. &st 

2 6ftlC+ftlcm&?ZC£&mnx*>*). 6 30 

Wp-A 1 GaN^7-; KB2 5 Ctifctfittiffi-To 
[0 07 9] £/c, ^agftb— tffR^l 0 It*, p-A 
lGaN^7? KB 2 5(D*HMK:{ifiT* p - G a N n 
>^^hi23^p-AlGaN^7-; KB 2 5 tclt^ 

<Dtc#>. p-AlGaN^7^FI25^6p-GaN 
3>**KB24 tc^^tiffl-r o 
[0080] ^(*U^if^T- 1 0 1 CCbOT 

tt, 1^^T^TSffi2 OfflO, t-ftfr^ffefcB2 6T:fr<E> 
B2 1-2 5*5J:^^t-YTSS2 0O/I£#;*:£l> 40 
/c«>, If^r-f TSS2 0WJtC*$tir«7fe<DignmL/^ 
*t<ft*. 

[ 0 0 8 1 ] C Cr, i£gftwU~ifJ?H^ 1 0 1 CCfc^T 
«. Bjai^^^tC, p-GaN^>^^H23, p- 

I nGaN^77 £ ? RjlLB2 4&<£tf p - A IGaN^ 
7-; KB2 SKMgtfK-^Sft-CkD. §12 3-2 
5{C*J^rDjm7c^®4X'r^>Ci^oJfig'C*^o C<D/c 
^c®2 6^6if^r >Trgfe2 0fflJ^iintoL/c 
7fc£p-GaN:3>#* F12 3. p-InGaN*^ 
7*KikB2 4fc<J;tf p-A 1 GaN^7 9 KB 2 5 50 
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fci » r « JR-T * c £ # plffi <t ft * . 

[0 08 2] C<D£51C, JfJR^l 0 1 «C'*5 

OTtt, *^S2 6^6t?-^r^TS«2 0ffliKignm 
LfcTt^P -GaNn>*^ hH2 3, p-InGaN 
*7 7*KllJI2 4*><J:C>'p-A lGaN^7-;K12 
5«C*5tir»JR-r*Ci^pIt6i«c4^:«>. M12 6 

- Fft9K%*~ Fi&iCi *B5±T * C <b #pJtg<t ft 
* 0 -Mite**, !f3R^l 0 ltcbOTtt, 

* t >ffim*£<Dffi«{t£l2 * C i # nJfiB £ ft *. 
[0 0 8 3 ] ±!fi<Dcfc^CC. CO^&tCfcC^rti, p- 
AlGaN^7^ KI2 50A 1 <WL« 
0. 07<fc0^f<1*i) L/c9 p-GaNrO** b 
B2 3 CCA I SrttJ** (^tfAl^O. 0 2*lgfin;*. 
*) C ift < iitt***- F4*Bt 4 C 
*„ COtcib. *a»*U— tfJR^. 1 0 1«C*$C»-C«. S 
B 2 - 7 K fctt -6 * 5 * * <D»£«:|*jtT * C t #pj*g 

ttKl**B* 0 TCD»iS^^HoJfig<b ft*. 

[0084] ^ COHA. p-GaN3>^^hl 
2 3, p- I nGaN*7^PMJ12 4*5cfcO'p- A 

IGaNi'?-; KJB2 5CC*$W*5fe<D»iR«** «3*< 
ft<Tfe<J:<. P -GaN3>^ni23 > p-In 
GaN*7 7*|#±B2 4:fo%fcD : p-A 1 GaN?7 7 
KB 2 5 ±«C*5W Z>yt<Dm.iR<&mz$k+ c m" 1 feLhr 
totiUJAK C<DJ:^CC*©»iR«»*s/jN3ftp -Ga 
N3>$^hi23, p - I nGaN^7? ^KSlhB 2 
4fc^p - A 1 GaN^7 7 FI2 5{C*5^tt, + 

»<cje©*«*tT5ci3W?n84fto, ssftsos^ 

«*-F*S5!l'r*Ct3&SpItt4tt*. 
[0085]ft*5, p-GaN3>^^F123 t p- 
I nGaN^^7^|»ihB2 44cJct:C>'p-A 1 G a N ^ 

77 KB 2 5©S^cc4ai»r5fc»«aift*»*fc«>eCi^ 
iftMgOK-^affitt. -eti^til x l 0"- 1 x l 
0 11 cm- 3 "C^>* 0 

[0086] p-GaN3>^f>7F123, p-InG 
aN^7^PM12 4fcWp-A IGaN^7? F 
■ 2 5(c«i»*MffOF-^«2S«K< a r*c4ecJ:0 

SB 2 3 - 2 5 K&OT <t 0 *ORiR4** < T * C t 

WOXJzlt < LXftOi&iRttZ <T*t££r&t*Jt>T 
tt. MgtC<t0. SB 23—25 GC*5l>Tl£JI1$CCft*IgI 

^D*fc-en*i** 0 

[0087] ft*$ % ±IB<D*«(*U-1f3R^ 1 0 1 CC*j 
l^r, p -GaN3>^^ hB2 30SSB**C^ 
Wi50<. m«10-2 0/imt*-2,Ci*Wl 

C<DJ:^tc^^ftl^$^W*r*p-GaN3>^^ 
hB2 3CC4sC^r«, WCCjK©***iRr*C4*J?I 
fgift*. !f*T-l 0 lCCtel* 



(8) 

13 

[0088] H6tt*«WCC»i»fc»**»«cu-if 

3n£. 

[0 08 9] *aW*b-tf*T-l 0 2OfWWC^t 
tt, n-A 1 GaNlin- I nGaNlitiBcH 
SaiLtn-A 1 GaN/n - I nGaNfiKiiffi 

3 i zim-rz. io 

[0090] n-A 1 GaN/n- I nGaNfifi« 

>K-^(DA1 B . 1 Ga,., N^6^^I$2 0 0AO 
A 1 GaN^'-^rifeJ:^ 2 am<E>T> F-^G 
aNH£/&B3-tf£o *LT. 3 hdCC<0T> F-^G 
aNH±CC. S i**F-:/3*lfc In,. 11 Ga,.„N*> 
6*&ffS5 0 A<E>n- InGaNliS i^F-^3 
n/cAl o t Ga 9 .,N^6^^1?50AC[)n-Al 
GaNiitl»4Lttlft»ail/, f?3 150am 
*"Cflcfi3-l£S. C<D<fc5CC0Tn-A 1 GaN/n- 20 
lnGaNa<8^ffijg*MU/dl WgKJ: 9 if? r 
^Tlffi, A 1 GaN^i-7Tifc<t^7> F-^Ga 
N**|Sta&-r*. H±OJ:5«Ctt % fS150ymO 
n-Al GaN/n - I nGaN&tSTS£3 1 «rft« 

[009 1 ] CCt. COm^lCte^Xte. n-A 1 G 
aN/n- I nGaN@t&^S&3 KDn-InGaN 
F*> ? ^OttP. ffca$<D2feft»3 5CDn - I 
nGaN#^16 2^> F=F + ? ^(DifaJ: *> *>/J>3 < 
«C*J:^(Cn-AlGaN/n-InGaNai8*«6 30 
3 1 (On — I nGaNfCDM^aSt^, ^nttj; 

0. n-AIGaN/n-InGaN@WIg310 
n- I nGaNJICtfcHT. #£t£J13 5^n-AlG 
aN/n - I nGaNfifgT«&3 1 ftBcWtifflLfc* 
^^iRT Z>C£ ft pJfiE <h ft £ o 

[0 09 2] ±K©*5CCl,T:ft*[0fcn-A 1 GaN 
/n-InGaNiB^ifi3 1±tC. SitfF-^S 
*l/cGa N*>£>&£J?3 2 am<Dn-Ga N^?7tI 
32, S i**F-:/S*lfcI no.„Ga 0 .,rN^6^5 
J¥3 0. 1 am<Dn - I nGaN^7? £?E$iiJB3 3, 40 
S i J&SF-^Sft/cA lp. 07 Ga 0 . 93 N*>6&£JI3 

1. 0/xmCDn-A I GaN^7-; FB34, fiifiOfl 
7fcJi35, Mg^K-^nfcAI 0 . 0 ,Ga 0>5J N^6 

4 a m<D p-AlGaN^7-; FJH 3 6 & 
J:tfMs#F~:/3nfcGaN^6tt5«3 0. 1 am 
(Dp -GaN3>^^ h@3 7£J©Kf£:63't*£. 
[0 09 3] C0Ja£/B7tC*trJ:9K:. ^feI3 5 
(DJ5ESB${c*5t^r«. Si^K-7'$n/cGaN 
*>*>ft£JI30. UmOn-GaN*^F16 1* 
ffifi31*S. «lvC, n-Ga Njlttfj FH6 1 JbCC, 50 



*$&f!2 002-124737 
14 

S i aiF-^Stlfc I n Q . Bi Ga a .„N^6^^n - I 
nGaNHii62iS i#F-^S*lfcI n.. 8 ,Ga 
a.,»N^6«c4n - I nGaN#F»6 3 i*XS«Cfl| 

r£teH6 6£/&g31f£. 3 CCDMQWrgffif 6 

6±CC, Mg^h*-7'3n/cAlo., Ga,., N*>6tt 
£/Ii*2 0 OA0p-AIGaN + t'J7^P^16 
4fcJ:c;Mg^F-7 , ?n/cGaN^6^^0. 1 
amOp - GaNW FH6 5 SrJBCaffifiStf*. 
[0 0 94] &46\ CCDig^{C*5^r«, II^IOOA 
<D4 0CDn - I nGaNB116 2<tJI3 5 0 A03O 
(On- I nGaN#F16 3(b^5ffitCgI$nrMQ 

[0 09 5] ±fE<D£5&CLT n-A 1 GaN/n - I 
nGaN4SteT-S&3 l±Ct&JI3 2-3 7*flEfiS«t*- 
Ad*. p-GaN3>^ FJ13 7*^p-A 1 GaN 
* * * FJf 3 6 «D9fCflWK3 * T*x » * > yfc J: 9 
K^-rS. -£*ifc:<£0. p -GaN3>^^ hH3 7*5 
<£i>'p-A lGaN^77 FH3 6rt> 6«US3ft£*B2 

-A 1 GaN^7*; F»3 61CJI30. 0 5/imOW 

[0 09 6] ^tc, n-A 1 G a N/n - I nGaNS 
*S^S«3 1 ©ISfi«fiffi±K»W»fflCcT i 
A 1 jg£»t«JILTnmffil 5*JftSrr*. £/c, 'J 
^fiWMffifcitf p - A lGaN^7 * FH6<D¥Jga5 
iffifcS i O, ^e>ft£J130. 3am<Dt&)|£M3 8£ 
»JflE-r -5 <t 1 1> CC % »; v V>$$±m 4s ct tftfittlft 3 8 ±CC 
N iK*»$J3ELTpSgl 6£JBfitr*o 

[0 09 7] &f£K. «^«»BBCCJ:»). «JiSS5 0 

U-lf^T-1 0 2*rfl»rS. 

[0098]@8lt ±I6<D^«:^0^S33n^« 
t*U — 0 2CDn-A 1 GaN/n - I n Ga N 
StS^S«3 l*jJ:V»)13 2^3 7<Z>W-r4JB*r** 

[0 09 9 ] B8(C5rr,fc5{C. ^*U-«RT10 
2(C«5C«T». MQWrSttI6 6CDIJr$<!:n-AlG 
aN*^ ? FS3 4<DJSJr^<h<D^/h3C> 0 C(Otc 

7feJ13 5^6n-A IGaN?7? FH 4 fcifoWBtttfl 

[0 10 0]%:to» CCT'te, n-lnGaNBS16 
2*J*0 f n- I nGaN^16 3(Om £2>WLfrt1 

SITS. 

[0101] */c. *W(*U-1fjRT- 1 0 2t*. n-A 
lGaN77^'I3 4CD^fflJ(CQgT^ n -GaN^' 
^77i32^ n -AlGaN^7^ F®3 4tCj:k^T 
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tcib. n-AIGaN^7-;Ki34Hn-GaN^' 

CO 102]^ *«(*U-1f^l0 2CCfc^r 
«, ^8 3 5T;£<£>n-A 1 GaN/n- InGaN 
atS^F-SS3 l»132-34feJ:0'n-A 1 GaN 
/n- I nGaN®tST-g&3 1 OJ?S#*#l 
n-A 1 GaN/n - I nGaNffltST«S3 1 ffiKcfc 

^xtzytomtxmLftxz < as. 

[0 1 0 3 ] CCr, 4^#U-~tf^l 0 2Ct*>M,>T 10 
BuaiCDct^CC, n-A 1 GaN/n - InGaNfi 
tST-S1S3 1 <Dn - I nGaNi^O K¥t y^fg 
JdiMi3 5C0n- I nGaN#F16 20^> K*> 

n-A 1 GaN/n - I nGaNffifeTS&3 1 ffilCCM 
flttil/cMn-A 1 GaN/n - I nGaNfife^g 

[0 104] CCDcfc^CC. ¥*f*U— WR^-l 0 2*C*> 
l»ttt, ^7t®3 5^6iitaaiL/c^n - A 1 GaN 
/n- I nGaNjBfgTS«3 1 «c*Jl>r«MJirSC <fc 20 

-If*?- 1 0 2 CC:fcl>TG*£S0/cStg;£8H:- K* 

[0 1 0 5 ] ±K©«fc5CC. COJft^lCfeOTW:. n- 
AlGaN^77h'I34(DAia^^< (fllxJ* 
0. 0 7 L/c0n-GaNA',77l 
3 2 CCA 1 («iL«A 1 £0. 0 2ggM 30 

CQ/ctf>. ¥#f*U- IfJRT-l 0 2<D&B3 2-3 

[0 106] COti^CC*>^-Cti, n-AlG 

aN/n- I nGaNjSte^SS3 1 aMB«m»jt«:W 
-TZtcib. n-AlGaN/n-InGaNi8^1fi 
3 1 t&M3 2-3 7 t<Dffilc£CZ>mfrfrtm2tlX 
l>*o C<Dtc#>. ¥«f*U — !fsR^l 02CC*5C^r«, 

? 2<D&&*m±TZ> C <t#"C£ £ e 40 

[0107] fcLbE><fc5Ct, *#fl:U-1f*-T-l 0 2 CC 
i5C^T«S13 2-3 7tt:fo#£^ **<D#£££RJ5± 

^1 0 2cc*j^r«^^s^orcDSJ{^l|3Mpfiife<t 

[0 1 08] n-A 1 GaN/n - 1 nGaNfflt&^S 
S3 lt t Ci6VZlt<Dmmz&£K)&<rj:<Xb£<. n 
-A 1 GaN/n - I nGaNflftTlfi3 llcfctt* 

CC7ic0®iR^S^/h$^n-A 1 GaN/n - I nGa 50 
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[0 10 9]«c*s, n -A 1 Ga N/n - I nGaNS 
*S^Bfi3 ltC*5t>r. n-InGaNfCDInM?: 
n-InGaNWD^>Kft^0B 
#J:9/M<«c4fc«>, n-A 1 GaN/n- 1 nGa 
Nffl|g^Sffi3 HC*j^^7cC0®iR^ < i:0At<*r^C 
<t#oJtfe ls#>Lft#&. n-InGaN©In 

«flE#*# <&5in-InGa NOteStta^tr 

Uc^ot, C<D«fc5«: I n<DttJEK*^#< It* 
©8yU4^:#<"r4J»^CC4»t»rtt. n - A 1 G a N/ 
n - 1 n G a NjBtS^S&3 1 *C;fol>TlSlittK:fHI»&* 

[OllOliC^t. n -A 1 Ga N/n- I nGa 
N^tS^SS3 lttMQW^»6 6*>6S£0fc** 
WKTSfctf). n-A 1 GaN/n- I nGaNjStST- 
SS3 1 £MQWr£ttJi6 6<h<D^K#/J\$i>ig^cc 
tt. n-AlGaN/n-InGaNM^lfi3 1-C 
©**ttjW#»QU 1 0 2©b*^« 

[0111] *«#U-1f*^l 02CC 

*$C»rtt. n-AlGaN^77FB34©l?S3&JU 
mi+^A^C^^, n-A 1 GaN/n- I nGaN 
ffite^SS3 1 <LMQW^i^6 6<L£+#CC&^C<!: 
*r*5. Ufc^ot, ¥»*U-tf*^-l 0 2CC*$l> 
"Ctt, «*»3 5CC»»StiS3e*5n-A 1 GaN/n 
-I nGaNfi^Ifi3 1 *C»JR<*ft*©*|»±U 
*o«Ei3 5a><E>igfatBb/c7fc£n - A 1 GaN/n 

- I nGaNffiteT-S«3 1 CCfcl>T?RiKir£C <t#nj 

[0112] «c*j, ±&<o¥m»i>-irm*i 02^ 

**BW<tr*fc«>CCn--A 1 GaN/n - I nGaN 

BitS©r*Wt n- I nGaNJl^g^WCdfiA 
3ft/cS&. mZO. 2 v m&TfO) n — I n G 

[0113] fr4o\ I n G a Ntttt^5e&#*#C>©"C 
n-InGaNHOJ»S*J0. 2-Mm<t0**<&54 
n- I nGaN»©tt»tt#3MfcT*. Ifctfot. n 

- I nGaNHCDJ?£te0. 2 a m«K*i C 

[0 1 14]mtf, n-GaN/n-InGaNiStt 
T-fllJfiSE/cttn - GaN/n - I nGa N/n -A 1 G 
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200 AWTcD^-ca@sti/cagt8ig*jet&^ji 

[0116] fcfc, ±ISO*ai»U— ?f*T 1 0 2tt:fc 
iCCnSJBtoiOfpSSJBSCOJIBrJKflt-rSJa^CCoi^ io 
oSSLbtc p m@*5 j: o' n £M £ c l r <fc 

If*. 

[0117] S9«*^W^^Mb«!^«»U-1f 
m*<0$ %^<&<DMZ^Mj£Wj:Wiffim~C$>Z> 0 139 

[0 118] ¥3M*U— tfSTl 0 3COfPSJB*(C*$ti"C 
/lS3 5 0Mm©tJ-:7y>fTa«40<DC 

(OOOl)ffii:^, T> F-:/©A !„., Ga,. s N 20 
*>6&^/»S2 0 0 ACDA 1 GaN^j77i4 K 
J2MmOT>h'-^GaN142, Si^F-^Sti 
/cA 1 GaNfc<fcO' I nGaN*P6ft 5 a 
mCDn-A 1 GaN/n- I nGaNfitS^'^77i 
4 3, S i #K-:/3ftfcGaN*»6«t4»S 1 <im© 
n-GaN3>^^M44, S i ** K-^StifcA 1 
..o,Ga.. f ,N*>6«e£ii-A lGaN^7^ FJB4 
5. ^14 6, Mg^h*-^MAl 0 .o7Ga 0 .,3 
N^WSHSO. 4 um(Dp - AlGaN^7*; F® 
4 7*jJ:afMg3&JF-^StiteGaN*6ttS«S0. 30 

Um0p -GaNn>£* hH4 8 £IBK:j?Sg;*i* 

[0119] ft*, 4^tt*U-tf*T- 1 0 3 <7>^3feS4 
6tt % H7«C^-r^»»U— !f3R^10 2©«*ll3 5 

[0120] CCt, C(D^CC4sC^r«. n-AlG 
aN/n - I nGaNjB8^7 7 7i4 3 On - I n 
GaNMO'«> K^+^Otltf. I^tOI 4 6 © n - I 
n G a N#FJI 6 2 F¥ + ? ^©tflcfc 0 fe/hS < 

fr£<J:MCn-A 1 GaN/n - I nGaNflft^? 40 
y r H4 3 ©n - I n G a NJB©llJ««B£T*. *ti 
CCiO, *3e»4 6^6^r-/T»«4 0fljK:iBnHl 
L/cTcSrn - A 1 GaN/n - I n G a N ? 7 

7l43(Dn-l nGaN®CC;feur&iKTSC<trt*pJ 

[0121] ±ie<Dct^ccLrif^T^rsS40±cc 

£■4 1^4 8*fiKfi31*fc«* p-GaNn>^^h 
148^6p-AlGaN^7^ FJB4 7©»f£gRS * 
r*x^^>yccJ:0H*-ra. *ti«cj:0. p-Ga 
N3>^^ h®4 8 4«J:^p-A lGaN^7-; FJH4 50 
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7^6«flE3*i*«2 /im(DXh7>f^(D»J 9 
JBflE-T^iittC, p -A 1 GaN^v FJ14 7(CH 
$0. 0 5MinOT«StiBSt4, 
[0 122]tt^t, p-AlGaN^77 FB 47© 
¥i8P*6n-GaN3>^^ h S 4 4 * r©— gf$M*£ 
^X77^>y{Cj:0^irn-GaN3>^^ hJ14 
4£SffiStf£o 

[0123]*«C. C©3lffll/cn-GaN3>^^ h 
H4 4©WS««LBCT i K*><£t>'A 1 M£Hta&CgJI L 
tnI115^Wn. 'j?JflK)p-GaN 
H4 8±KNiH4»«Lrpfllil 6*Jf£ 

[0124] ±EOJ: LT*SfiRRfi*j<fcOf*WBJiR 
*tfo/c«. t77 -fTg&4 0<D»®£$febTif:7 
WTg&40©J¥££l 50-200Mmir^. 

[0 12 5136K1. ? ^aHMif. p-AlGaN* 
7 7FI4 7(D?fflSJ:I l p-AlGaN^77h*l 
47*^n-GaN3>^^ FB4 4£r©ffliaL n - 
GaN=i>**HU4©n «fiBKfiS1H«« K < 

[0126] ftf&C, mtf»B8CCJ:0, ft^I5 0 

U— MIHPl 0 3*ff«"T-&. 
[0 1 2 7 3 HlOtt, ±B©#ftfcJ:9fHHS*ifc* 

3w*u— trsw-i o 3o§i4 1 -4 som-fzmftm 
[o i 2 8 ] s i <hc5*tj:5{c. ^awtu-irjR^-i 

0 3CC*5l*r», MI46^mT$<!:n'-AlGaN 

F»4 5©«*r*4©l&#'hS<r». C©/c*&. 
7fe®4 6<DMQWrS14®6 6«C*Jl»r«^Lfc**«l6 
■ 4 6rt«C+»«cW«[-i-iC43WH»-C*0, 2fe7fcJf4 
6rt>e>n-A 1 GaN^77 FH4 5 (CXftWlffi-r. 
[0 12 9]*/c, *i*U-f*^10 3(t n-A 
lGaN^7? FH4 5©ftfinjCC{4ig-r£n -GaNa 
>^^FJ144^n-AlGaN^7^ FH4 5(CJt^ 

©/c&. n-A!GaN^77h*145^6n-GaN 

n>^^ h»4 4«c**«nwr B 

[0 130] Wc % *«»U-tfJR^-l 0 3CC*JV»r 
tt. U-7T-fT»«4 0«, Tfcfc^7cB4 6T;fr© 
B4 1-4 5*5*^7 r ^7IK4 0O*S*«**l» 

*7T^T»«4 0W(ciai*'r«*<D»*iaiu*« 

[0131] CCt, ***U-tf**l 0 3tC*$i,*X 
i9j£©J:5Ct. n -A 1 GaN/n- I nGaNjB 
ttf^»7ri4 3©n- I nGaNB^OFft * 
rftDWJfcjHI 4 6 ©n - I n G a N#FJf 6 2 ©'<> 

6 7 r 4 0 fflJCCignUi O/cTfe* n - A 1 



(11) 

GaN/n - I n G a NffitS^' v V yjf 4 3 CC*$l»T 

[0132] C<D<fc5C£, WR^fl 0 3tC*5 

t^rii, ^7ti4 6^6Stiffll//c«n - A 1 Ga N 
/n - I nGaNfit&^?:7yJI4 3«c*jC»"C»JR"r 

£ft&0*RAjtr«C£OTtt£ft«. *WCJ:9, * 
tf*^ 1 0 3CC**t>Ttt, ^L//cS0tS*« 

[0 1 3 3 3 ±fECO<t^CC, CCDit^CCteHTte, n- 
A 1 Ga N ^7 7 K14 5©A 1 fi^S^ < (M&tf 
0. 07J:0W<-r4) U9n-GaNa>^^h 
■ 4 4(CA I**** <«*tfA 1*0. 0 2gflOW^ 
*) C i < K S C i^t? 

*. COtctb. ^ttU-lfjfHPl 0 1-4 

4. 

[0 13 4] 3 C©»^lCfcl»Ttt % n-AlG 20 

aN/n - I nGaNjBtS^ ^7i4 3*SfitiKMI 
n-AIGaN/n-InGaNSfi 
^<?7rl43iSi4 1. 4 2. 4 5-4 8i<DH 

[0 13 5] «±©«fc5«C. ¥«{*U-1f^l 0 2K 

ft*. 

[0 1 3 6] n-A 1 GaN/n- I nGaNfi^ 
v v t»4 3CC*5^S*CE)»iRtt** 98Kft<T&J: 
<, n-AlGaN/n-InGaNfitg^77 7 I 
4 3 (C«5^S%(DKJRaft«tt+c m^eUi-CAtitf J: 
l>. CO^^tCTfeCD^itX^a^^ftn-A 1 GaN/ 
n- I nGaNatt^?7ri4 3(Cfc^tfe. fSft 

■4 6^6«naL/c**+»«c»iR-r*ci^pisgr 

ft*„ 40 
[0137]ftte, n-AlGaN/n-InGaNB 
te^<*:7T»4 3CC*H,*T, n - I nGa NJf <D I n 
<-T*£, n-InGaNIO/OKft? 
:/0>M**J:Q/h3< ft*/cat>, n-A 1 GaN/n- I 
n G a NjBtt?" ? 7 y ■ 4 3 Ctfctt *:fc<D©JK£ J: 0 
**<T*C±**nJli&±ft4. n-In 
Ga NO I n«ffi^#<Min- I nGaN(D*§J| 
14#&ftT*. C<Dtc#>. C©<t^{Cln©fflffi^ 

< or*<D®iR^^<-r*ii^cc^c>r«. n-Al 

G a N/n - I n G a N4St&T-S«3 1 CC*sivtf&Iltt 50 



#^2002-124737 
20 

[0138] ±fi<D*«*U-1f*-T- 1 o 3 ccfeur 

§W<bt-*/c^CCn -A 1 GaN/n - I nGaN&fg 
^^7t14 3*^JSEL/-Cl^*s, *«iRja*(0** 
a»tT5©t**itf. n - I n Ga Nil #8S#WCC«i 
AS*i/c'**:7yJl % JIS0. 2/imfelTOn 

- I nGaNJB^**^<OIBB"C»aET*|IHI*Wr 

[0 139] ft*?. InGaNttttfSS^*lr»or 
n-InGaNiCDI$^0. 2 m m<fc 0 < ft* t 
n-InGaN10g B H a |4^fcn 9 lfc*«ot. n 
-InGaNi(DH$«0. 2 m m«Tt*4C 

[OUOIWAH n-GaN/n-InGaNjBt5 
^fllfiS/cttn - GaN/n - 1 nGaN/n-A 1 G 

£5Ett»Mfc*» : e- K*»*Ci3WlHftift*. 
[0141] ftfc, C CTiJ 1 o o AyLT<Dm2<om& 

2 o o AttToswraasnytaH«3S%iatt^«is 

[0142]*fc, ±E<D*»«U-1fJRiF-l 0 3«C*J 
*7r-fr»«±«:nSJB*5j:afpSS»*«C© 

[0 14 3] ±BB<0*»*U— tf*T-l 0 0-1 03© 

s®cDffi^«±ia«:pgs$n**>cDT«ft< . 

Ga, Al, In, Bfc^tfT 1 <D4>ft < <t & 1 

[0144] 5f JRT- 101. 1 0 3 CC 

fcl»tl»7 7 0. 4 0^tC^^ If 

77>f7lfi2 0, 4 OOftfcOKS iSfi. SiCS 

[ o i 4 5 ] $ e>K, iietcfcoTw:, y ? *✓ 

•r *^S(* u-if^&csffl-r * c <t & pjfifer^ * 0 
mi) *m*t£&z*mt*\s-irm*<D-MZ9ik-?m 

[02] Bl<DH&»U-irm*<D9t^on&t:7i*T 
«SCWttKBHr*4. 

[H3 ] H 1 ©^*U-1«RT-©»«fc J:0«JB©« 
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[05] 04©*iS<*U— WR^FOftJlOIBJS**^ 2 

&5$0-C*>.&„ 3, 

[06] #?BSK<fcS^ftU-1f^©5£Kfl!©0« 4. 

*ijVrg|5£in&»rffi0-C<fe 5 . 

[07] @6®*«ttU- !f^©^3fea©«j§«:^-r 6. 

m&mtcmmmvikz. 7. 

[ 0 8 ] 0 6 ©¥&{* U — if£T©£1S*i J: ^iOi 10 8 . 

«r^*^-rS^0-C*S„ 1 5 

(09 ] *^(C(S*^I^U— tf3^T©3 6«:«!©0>l 1 6 

*^T£5$W&«rffi0-C**. 2 0 

[ 0 1 0 ] 0 9 ©¥£<* U — !f £*©&Jl©JIlJrSS*^ 2 1 

Tr&SSS-C**. 2 3, 

[011] 8Bfe©**»U--!f**©1(HI*5«-«WW* 1 0 0 
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*&IKuS0"C*£. 
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2 4. 3 3 p - I nGaN#7'? ftfiltM 
4 7 p-A lGaN>7-; KH 
4 6 ^jfrl 

4 5 n-AlGaNi'77 KJB 
n-GaN3>$i> hlf 
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